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A 34.5 G111z 200 KW CW TM+y4-1H191 Mode Converter
for Gyrotron Applications
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1 Introduction

Futire g call for inereasing the uplink and dow nlink frequencies used for conmntyication
with deep space 170hes from the present 2 Gllz and S Gz bonads into the millimeten
hand, 3235 G112 High power transanitterse o the order o several hun dr ed kilowatts
CWowill thus be required in the millimeterbomd, The onldy sott rees presently capi ihle
of producing this power lovelare 8 vio denvices. i order to produce these power Tovel s
oyro devices e vaploy unconventional interaction cavitios. "I'hese cavities res onate in higha
order wavepnide 1odes, and typically deliver e output sig nal into an oversize circuln
wavepideinahielesorder wavepnide 1110de, such as a 71y mode 1 the power is to be used
constructively, for exanple to Hluminate areflectorantenma, a Gaussian bCam is ypically
required. Transformation of the 7 fo mo de into o Gaussian bearn s achieved throngh
the nse of several imode converters. One possie a s system of mode cotverters is depictedin
Pigure 1. eve the 77 mode is emitted by the o vrotron into highly overmoded cirenl m
wavegnide, <3 he T Ly mode then enters the 7 7 w1-7' My mode cornrverber, which consists
of cirenlar wavepnide bend. 1 he 7 A pimode thien enters a cortugatod 7'A Ly - 1T mode
converter, and finally exits into 5P ce throush a COTU oated horn section. The nextsection
willdtseribe the mode converters used 1 generate the <2231 710 mode requined for testing, the
11y, -4 R made converter, il be followed by details of the 7°A £, B rmode convar ter
Hself.

15 'l - "My Mode Conversion

For the application at i md cin ovrotron oscillitor is assum e 10 1 emita 475 wavesuide
mode it 1 inch diaaneter civenlar wavesnide af 333 Gz For test p wrposes the ' Fqmode
is ¢ enerat ed usine o an Alpha TRG model 3300 7, 1 Mode Transition, Mode Fil ter and
tap or. The 7'y mode was then in T passedthiongha H 15 degree 11( 12 Uhe? Py and
1A modes have identical propacation coellicio nts, and are tiphtly coupled throtigh the
curvature pertinbation, Ana WS tie 7 By - 1A mode converting, hend s carried out
using, COUpled mode theory, as desenil g g [1.2]. Hather than using, @ constant radius bend
as in [, asirsoidal covvatyye distribution was cployed. Thiscelhminates the discontinnity
in G vatime when the bend s terminated in stradeht Y V8 ides at caclr end reducing, the
amplitudes of the spurious 1 10d (s ioire Y PIO s he majorodes excited along the her TeR
which was CHosca (o e an 03 il e length of 20 inches. The amplitudes of the two
main Modes and several of the spinious ™ odes whicl ave €ou Pedin the bend are included.
Iiclnding losses the conversion officiency of the bend is ot puted to he 99.8 Pl cent. 'The
b wias Tabvieat o i two badves usinie ammerically contro Hed mill a nd bol ted tog, ether.
The efliciency of the conversion process wis ( onfinned experimentally by measoring t he
radiation pattern at the oUt put of the bend, Reaults of the fan ficld measuvenment are shown
i igure 3, where the co polmize d vadiation, (O etric field parpendicula to the plane of
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curvatm ¢, js plotted, <[ he dual lobod pattern of the 7M1 mode is clearly visible, and the
excellent pattern synnetry indicates o low content of spuri gus 1iodes, This com ponent was
thenused to generate a highly pure TAI mode in overnoded civenl waveguide for testing
the TN [y -JTE inode converl o and horn assembly.

111 TT™Myy H19yy Mode Conversion

As Figure 3 illustrates, the radiation pattern of the AL s not suitable for ithaminat ing,
a rellector antenna. Inst ead a peneil ho s, or Gaussian boam, s requived. The hybrid
H E2ymode in cor ugat ed wavepnide is widely v sed as an e ficient ilhominator for reflecto
antenias Innore (<N <na@in applications a2 circular wavegnide modeis generat (v
from the standard reetangulay wavesnide mode thioneh a siimple single mode 1ecta yioula to
civenlaywaveguide tromsition. The 770y mode is then transfonmned into the 771, mode using,
acorrugated cirenlar waveenide sectionwhere the corrugation dep this gradually deercasod
fromone halfwaveleng th ¢ ¢ toone quartarwavelenothe acqy. [4].

Comversion o f the TAy mode into the 1% nmode may also be accomplished throngh the
nse of a cor rugated waveguide section, [1]. In this case the corrugg dions must he increased
fromzerodep 111 toone quanter waveleniath alone the (0112°¢1 ter - Since a lovge mnber
of mod e may p repagate iy the 1 inch dimneter wavegnide at 3 1.3 Gz, care st be
taken in the desipn of the converter in o der to eliminate the excitution of spurious 1miodes.
The level of excitation of the spurious 1tiodes iy be minimized by changing, the g roove
depth gradually, e inareasing the lenadhiof £ he converter. Spurious mode conversion may
also be minimized by adjusting the | eroove depth versus Jongit udinal distance profile. One
possibility is to choose a profile based upon ¢ ouPedacave theory which minimizes coupling,
10 the nearest spurious mode, [11.

For the design o the present copverter anore riporons analysis method than cotapled
mode thoory was emiployed. A node matching

I

techuigque has heen used fo com pute the
perfotniamce of the converter, [3]. Using this analysis method interactions hetween all of
the higher ord er wavegnide modes ineluding veflected modes, is auton ptically taken into
accomit Fhis analysis met hod Jias beo noused in conjunction with an empivical method
for deterniining, the corrugation depth profile. A mmnber of Bnearseenents were use (1 to
model the profile. 1 e number of scemaents and theiy slopes were then optimized using
radiation pattern synnnety yoniniimon reflected power, and mininnnn converter length as
eriteria. The final desion consists of a two scoment profile for the ¢ roove de pthvin the
conver{er section. The grooves incrcase from zero dept v to 004 incbies over a lengeth of H.92
inches, and the i from .01 inches to 0,03 inchies oy or an additional Jengt) p of 20096 inches,
resulting in o total convertarlene th g s inehe sy this way the eroove depthy chinoes maost
oraduallynear t 11¢ shallow groove dept hisow-here the coupling to spurions 1odes is highest.
to particular, coupling to the B surface wave wode can he sionificant for shadlow groove
dept s, Coupling to this mode degrados the vadisiGon patt con and inereases the rodlected
power sig nificantly. Using two thivds of the over all e omverter lengCh to reach half of the
reguived corrngation depth, anclan overall convarterleneth to $.8S inches was fonnd to
he suflicient 1o pro duce a high quality beony sind Jow reflected 1yOw (1 For the preset
application the gain associated with a 1inch dimoeter apertorve is insuflicient . and thercfore
the coivererr is followed by alincarhorisection of longth 5. 88 inches W hore the apertime
dimmeter is incereascd to 2 inches.

Pieure Aplots the 011)] nputedincde contentalon e the convatarandhornscectionas afimie.
tion of distance. As can be seen in the fioure initially oll o f the poweris in the 7'M mode,
and it is produal Iy traus forved into the v 12 maode along, the converter At the end of t e
comverter, 8 88 inches, a stable conlig nration is tea ched, with appr oximately 20 per cent of
the juput power remaining in the £ Yimode, and 80 percentin the 7y mode. This ratio
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produces the desirable characteristics of the HE ) mo de, cqual becanwidth in the 15 and 11
planes, aiud low cross polavizat ion. As figure < shows, onee this ratio is established v porop
aoates (sseil ially unaflected throneh the horn secti on where the corrugation depthremains
comstant. The vipple 011 the inade content ¢ irves s associat o with the redist yibution of
power iy the wave passes from groove sections to Jand sections in the corrugat ed converter
and 110111, AS canbe secniinthe plot, 1e flections huild up in the convertersection 10 a level
of about 0.04, or a vet wrn loss of 2 AR This levelis acceptable for © he present application,
but iy bereduced through the vse of alongermode [Poil\N'["ItC1 scction. The finalradia-
tion padter nneas ured at the output of the 145, -1 Minmode converter-7°Afy, - 1S, mode
converter/horn combination is plot ted in Figure H. As expected, a highly syimetiic penedl
beam withlow sidelohes is gencrated. The slishtasyimnetry in the me asm ed pattern is due
tolow Iy el s of spurious mode poveer generated inthie 11y =1 Ayymode eilveite,1”. Con -
parison of Fiswres 3 and b ilustrates the ability o1 the converter vo transforin the duaid lobed
radizition pattern of thie My mode into the highly desivable pattern of the 11 mo de.
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